Objective. Little is known about the extent to which physical activity (PA) levels change following total knee or hip joint replacement relative to pain, physical function, and quality of life. Our objective was to conduct a systematic review and meta-analysis on changes in PA relative to pain, quality of life, and physical function after total knee or hip joint replacement. Methods. We searched the PubMed (Medline), Embase, and CINAHL databases for peer-reviewed, English-language cohort studies measuring PA with an accelerometer from presurgery to postsurgery. Random-effects models were used to produce standardized mean differences (SMDs) for PA, quality of life, pain, and physical function outcomes. Heterogeneity was assessed using I 2 .
INTRODUCTION
Total hip arthroplasty (THA) and total knee arthroplasty (TKA) procedures are among the most common elective surgical procedures in the US. By 2030 an expected 11 million Americans will have undergone TKA or THA (1) . Additionally, Kurtz et al (2) predicts that the demand for total hip and total knee revisions are expected to increase 137% and 601%, respectively, by the year 2030. Improvements in life expectancy and the increased societal importance placed on maintaining mobility at older ages have contributed to an increased number of candidates for TKA and THA (1) . Due to these dramatic increases in primary and secondary TKA and THA rates, it is important to pursue a more detailed understanding of patient outcomes following surgery.
Regular physical activity (PA) is essential for decreasing the risk for comorbidities and is associated with many positive health outcomes among individuals with osteoarthritis (OA). Patients with lower-extremity OA who participate in regular aerobic exercise, such as walking and aquatic programs, experience benefits such as increased aerobic capacity and functional mobility, and decreased pain and rates of depression (3, 4) . Conversely, prolonged periods of inactivity may lead to functional decline and compound disability through deconditioning. Obesity, one of the comorbidities linked to inactivity following surgery, significantly increases the likelihood of mechanical failure and revision surgery following THA and TKA (5, 6) . Current recommendations for exercise to maximize health benefits in those with OA include both strengthening and aerobic exercise specific to patient needs, as well as education of both the patient and family regarding lifestyle changes and strategies to maintain adherence (7) . These are some of the main outcomes commonly linked to patient satisfaction in those who have undergone TKA and/or THA.
Previous studies have emphasized the change in pain and physical function that occurs following TKA/THA (8, 9) , but far less is known regarding changes in PA levels from pre-to postsurgery. In a recent systematic review by Arnold et al (10) , no significant changes in PA occurred following TKA/THA. This study, however, did not employ a meta-analytical approach or analyze the changes in associated factors such as pain, function, and quality of life, which may influence or be influenced by levels of PA in postoperative patients (11) . Thus, the purpose of this study was to systematically review the literature on changes in PA levels presurgery to postsurgery after TKA or THA, as well as changes in associated outcomes, including pain, physical function, and quality of life.
MATERIALS AND METHODS
This systematic review followed the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) reporting guidelines (12) . The PRISMA statement includes a 27-item checklist designed to be a basis for reporting systematic reviews of randomized trials, but the checklist can also be applied to multiple forms of research methodologies.
Data sources and search strategy. We conducted a librarian-assisted computerized search of PubMed, Embase, and CINAHL from their inception to January 2016. We utilized both medical subject headings terms and free text search keywords to develop the search for this review. An example of the PubMed search strategy is shown in Supplementary Appendix A (available on the Arthritis Care & Research web site at http://onlinelibrary.wiley. com/doi/10.1002/acr.23415/abstract). We also reviewed the bibliographies of included citations for missed publications. All citations were imported into EndNote, version X7 (Thomson Reuters) for data management.
Eligibility criteria. To be included, studies were required to, first, report a presurgery and postsurgery measure of PA with an accelerometer on the same cohort of patients (we chose a duration of at least 2 months following surgery, since postsurgical pain typically limits PA in the early recovery phase); second, use a PA measure that included the components of intensity, frequency, and/or time of PA completed; and third, include patients who had undergone a primary or secondary THA or TKA. Studies were excluded if the type of surgery was not THA or TKA (e.g., unicompartmental knee arthroplasty), if the followup measurement of PA was conducted <2 months after surgery, or if the study was not written in or available in English. No limits were applied to the search years; however, all of the included articles were published between 2002 and 2014.
Screening, eligibility, and inclusion. Two authors (TH and AS) independently screened titles against the inclusion criteria. Article abstracts were then reviewed by 2 independent authors (TH and MA) against the inclusion criteria. Citations moved forward to full-text review if one of the authors indicated inclusion of the title or abstract. Full texts of abstracts identified by either investigator as potentially relevant were retrieved and independently examined by the same 2 investigators against the eligibility criteria. Disagreements about inclusion or exclusion during the full-text review were resolved by discussion between the 2 reviewers, and a third reviewer (AS) was consulted to resolve any remaining disagreements.
Data abstraction. Data from each included article were abstracted by 1 author (TH) and reviewed by a second author for accuracy (AS). The 2 authors discussed disagreements until resolution. Data-abstracted elements included lead author name, date of publication, sample size, population characteristics (e.g., sex, age, body mass index [BMI]), type of surgery, outcome measures utilized, presurgery data collection timeline, presurgery outcomes, postsurgery data collection timeline, postsurgery outcomes, change in PA measures, and significance (P value).
Data synthesis. When meta-analysis was feasible, we computed summary estimates of effect. We aggregated outcomes when there were at least 3 studies with the same outcome measured at a specific postsurgical time point, which only occurred at 6 or 12 months postsurgery in the included articles. We included 1 article in the 12-month group that created a goal followup time of 1 year, but outcomes were actually collected at an average of 1.3 years following surgery (13) . Continuous outcomes were analyzed using standardized mean differences (SMDs) for PA in a random-effects model due to differences in the reporting of units (6-month outcomes). The method we used to interpret the SMD as an effect size is as follows: small effect size, SMD = 0.2; medium, SMD = 0.5; and large, SMD ≥0.80 (14) . For the 12-month PA outcomes, we were able to summarize the results in unstandardized weighted mean differences since these studies reported steps per day. We conducted simple sensitivity analyses to determine if there were significant differences in the 6-month outcomes when analyzed separately for surgical areas of total knee replacement (TKR) and total hip replacement (THR). Heterogeneity test statistics and their P values were used to
Significance & Innovations
• Seven studies measuring physical activity with accelerometers prior to and following total knee or hip arthroplasty were identified.
• Despite large reductions in pain and increases in both physical function and quality of life, no significant increases in physical activity were identified at 6 months postsurgery, and modest increases were found at 12 months postsurgery.
• The reasons for the lack of increase in physical activity are unclear but may be behavioral in nature, as sedentary lifestyles are difficult to change.
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Hammett et al assess the consistency of reported SMDs across studies. The I 2 statistic was used to describe the percentage of total variation across studies due to heterogeneity rather than chance alone, with values of >50% indicating substantial heterogeneity (15) . While we abstracted identical data from included articles, in some cases there were discrepancies in the reported significance of findings and our meta-analysis of those findings. All quantitative analyses were performed using Stata, version 14. If a quantitative synthesis was not feasible due to there being fewer than 3 studies in a subgroup, we analyzed the data qualitatively. This occurred in 2 studies that measured outcomes at 3 months postsurgery (16, 17) and 1 study that measured outcomes at 2 months postsurgery (18) . We placed greater emphasis on the findings to the evidence from higher-quality studies with more precise estimates of effect. We analyzed potential reasons for inconsistency in treatment effects across studies by evaluating differences in the study population, intervention, comparator, and outcome definitions.
Quality assessment. Each included study was assessed for quality using the Newcastle-Ottawa quality assessment scale for cohort studies (19) . Two authors (AS and MA) independently reviewed each study, and differences in scoring were discussed between the 2 reviewers to reach consensus. Two questions on the scale that addressed the selection of the nonexposed cohort and comparability of the cohorts were not included due to the lack of applicability, as the selected studies did not include a nonexposed cohort. Therefore, an overall assessment of 6 questions provides a bias rating on a scale that ranges from 0-6 stars. A study was given a star for each question that fulfilled criteria.
RESULTS
The results of the search, screening, eligibility, and inclusion process are shown in Supplementary Figure 1 (available on the Arthritis Care & Research web site at http://onlinelibrary. wiley.com/doi/10.1002/acr.23415/abstract). We identified 1,354 articles, after duplicate citations were removed, 1,081 of which were retained for title and abstract screening. Of these, 27 articles were selected for full-text review. Three articles were added after conducting a manual search of the citations from other articles. Seven of the studies were deemed eligible for inclusion in the study. A total of 21 studies were excluded for not using the same cohort for presurgery and postsurgery measures of PA, not using THA or TKA as the surgical intervention, not including an appropriate PA outcome measure, or for having a postsurgical PA measurement conducted within the first 2 months following surgery. Two studies (20, 21) met all of the eligibility criteria but were excluded from the systematic review and meta-analysis due to their use of data from the same sample as another included study (22) .
A summary of the study characteristics of the 7 included studies is shown in Table 1 . Our search results yielded studies that were published between 2002 and 2014. The mean ages of included patients ranged from 42.1-69 years; the mean BMI ranged from 23-32.6, and in 6 of the 7 studies, the majority of patients were women. Surgical area (TKA or THA) varied, with THA alone (n = 2), TKA alone (n = 3), and THA patients and TKA patients combined (n = 2). None of the studies reported utilizing feedback from the accelerometers to participants as a means of increasing PA. In addition to measures of PA, we included quality of life (n = 3), pain (n = 4), and physical function (n = 6) measures that were assessed at the same time points as PA in the studies.
Physical activity. The instruments and measures of PA are provided in Table 2 . Presurgery data were collected 0-43 days before surgery, and postsurgery data were collected from 2 months to 1.7 years after surgery, most commonly occurring at 6-and 12-month followups. Although all 7 studies measured PA using accelerometers (13, 17, 18, (20) (21) (22) (23) (24) (25) , there was variability in the reporting of PA measures. Four of the studies measured quantity of PA, using steps/day, which is a direct measure of the number of steps taken by a participant in the 24-hour monitoring period (13, 17, 18, 25) . One study measured PA with movement-related activity as a percentage of time throughout each day (22) . One study measured PA using daily activity time, which is measured as the total time per day (in minutes) the accelerometer detected changes in vector magnitude (24) . One study tracked PA as total ambulatory energy expenditure over 24 hours, which is a product of the amplitude of trunk accelerations and the number of steps per 24-hour period (17) . Lastly, 1 study measured PA as wear-time activity measured in counts per minute (cpm), which is a summation of the frequency and intensity of vertical accelerations tracked by the accelerometer per minute (23) . Two studies reported a significant increase in the quantity of PA performed between presurgery and postsurgery measures of PA when measured at 6 months after surgery (17, 18) . Three studies showed no significant change in PA levels among THA and TKA patients at 6 months (22) (23) (24) . Three studies reported 12-month PA outcomes (13, 18, 25) , with all 3 studies indicating significant increases in PA when compared to presurgery measures.
Data from the 2-month followup in Brandes et al (18) and 3-month followups in de Groot et al (16) and Walker et al (17) were not included in the quantitative analysis due to having fewer than 3 studies for their respective followups. Data were abstracted for each of these time points and are shown in Table 2 . All 3 of these studies reported no significant change between pre-and postsurgical PA levels. One of the studies (16) reported movement-related activity data. In the other 2 studies (17,18), baseline steps were high, with 2 of the studies reporting close to 10,000 per day. Changes in steps per day from baseline to followup varied from À526 to +1,620.
Quality of life. We identified 3 studies (see Supplementary Pain. The 4 studies that assessed pain before and after surgery using the SF-36 pain subscale, Nottingham Health Profile pain scale, Functional Pain Scale, and numeric pain rating scale (NPRS) at rest and with activity are outlined in Supplementary (17, 18, 22, 23) . Brandes et al collected data 3 weeks before and 2, 6, and 12 months after surgery and found that pain was significantly decreased at each interval (P < 0.001) (18) . De Groot found that pain decreased at 3 and 6 months after surgery (P < 0.001) (22) . The study by Harding et al gathered data 1 week before and 6 months after surgery and found that NPRS rest scores before surgery were not significantly different than those after surgery (P < 0.06) (23) . NPRS scores during activity, however, decreased significantly after surgery (P < 0.001) (23) . Lastly, Walker et al found that the greatest improvements in pain were seen between pre-op and 3 months (P < 0.001) (17) .
Physical function. Data from 6 accelerometer studies that assessed physical function before and after surgery are shown in Supplementary (13, 17, 18, 22, 23, 25) . Presurgery data were collected between 0 and 43 days before surgery, and postsurgery data were collected between 2 months to 1.3 years after surgery, with the most common followup time being 6 months postsurgery. Physical function was measured before and after surgery using selfreport measures (n = 7), such as the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC), SF-36 physical component summary score, KSS, Oxford Hip Score, and modified Harris Hip Score scoring instruments. De Groot et al also used physical performance measures such as the 6-minute walk test, stair climbing, rising from a chair, and quadriceps strength to measure physical function pre-and postsurgery (22) . Brandes et al, Harding et al, and Kuhn et al showed significant increases in physical function at all postoperative followups (13, 18, 23) . Lutzner et al and Walker et al observed no change in physical function following TKA (17, 25) . Significant increases were observed in all physical function measures except for chair rising, stairs, and KSS at 3 months in the de Groot et al study (16) .
Meta-analysis. The summarized effects estimates across the outcomes of PA, physical function, quality of life, and self-reported pain levels for the 6-month outcomes are shown in Figure 1 Physical Activity After THA/TKAQuality assessment. The quality ratings of all 7 studies are shown in Table 3 . The values ranged from 4 (n = 3) to 5 (n = 4) stars of a maximum possible score of 6 stars. None of the studies met the criteria for assessment of outcome due to a lack of independent blind assessment. Two studies did not meet the criteria for adequacy of followup that was set at <20% loss. In addition, Lin et al did not include a cohort that we felt was truly representative of the target population, due to a small sample size and stringent exclusion criteria (24) .
DISCUSSION
We set out to systematically review the literature on changes in PA levels following TKA or THA, along with pain, physical function, and quality of life. We identified 7 Figure 2 . Forest plot of studies included in the 6-month accelerometer physical activity meta-analysis. SMD = standardized mean difference; 95% CI = 95% confidence interval; TKA = total knee arthroplasty; THA = total hip arthroplasty. 
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Hammett et al cohort studies that measured PA with an accelerometer prior to and at least 2 months after surgery; however, there was noticeable clinical heterogeneity and differences in PA measurement results. Our qualitative summary of the studies measuring data abstracted from the systematic review shows that PA does not significantly increase at 2 or 3 months postsurgery. Our meta-analysis results indicate that PA does not significantly increase at 6 months post-total joint replacement irrespective of the location, i.e., knee or hip joint. At 12 months post-joint replacement, there was a small to moderate increase in PA. In the same studies, there were large improvements in quality of life, pain, and physical function from presurgery to 6 months postsurgery. While most of the studies reported finding no significant increase in PA, 2 studies individually reported a significant increase; however, we were unable to replicate the findings as significant with their provided data (17, 18) . Description of the methods of PA measurement and the populations studied also varied substantially. Although all included studies used accelerometers to measure PA, how they reported their results included various metrics such as step counts, percentage of daily movement-related activity, and wear-time activity. Since the authors reported the PA results in different forms, we standardized the meta-analysis results; this allows for a summary estimate but limits the clinical interpretability of the findings. The included populations also differed by age, country of residence, type of joint replacement, and BMI. Even after considering these between-study differences, the magnitude of variance in reported step counts between studies is still difficult to explain. Normative data suggest that healthy older adults can be expected to take 6,000-8,500 steps per day, and older adults living with disabilities 3,500-5,500 (26). Brandes et al and Walker et al reported baseline step counts near or over 10,000 per day, which is substantially higher than expected for patients approaching a knee or hip arthroplasty. Walker et al also reported an increase of more than 4,900 steps per day from baseline (10,738) to 6-month followup (15,641), placing its 6-month followup PA at more than 7,000 steps higher than expected for normal healthy adults. Based on the limited information provided about the populations, it is difficult to discern whether these abnormally high step count values are due to the included populations or measurement error.
Our meta-analysis revealed that at 6 months postsurgery participants did not show a significant increase in pre-to postsurgery PA levels. The reasons for the lack of change in PA are unclear. The population in the Brandes et al study in particular may not have been expected to show improvements in PA, because the presurgery step count (9,986 steps) already exceeded expected PA levels. It is also possible that a lack of change in PA was related to the participants' previously established sedentary behavior prior to total joint replacement (27) . As such, it is possible that a lack of change in PA at 6 months could be attributed to a behavioral mechanism, as sedentary behavior is difficult to change even in apparently healthy individuals (28) . Additionally, pain-related fear has been shown to exist to a significant extent in the OA and post-TKA population, an outcome that negatively impacts daily functioning and quantity of activity (29, 30) . Moving forward, it is important to consider strategies to actively promote changes in PA, such as cognitive-behavioral interventions and incorporation of psychosocial models for behavioral change early following joint replacement (31) . Behavior modification therapy provided to patients before and following joint replacement surgery may help to impact the learned behaviors associated with a sedentary lifestyle. Treatment may include addressing patient willingness to change, recognizing individual barriers to increasing physical activity, and identifying motivating factors (32) . An intervention approach to increase PA is to provide feedback to patients about their PA, as integrating accelerometer feedback to patients during interventions has been shown to significantly increase PA (33) .
Very few studies reported long-term outcomes (i.e., 12 months) for changes in PA following THA or TKA. We found that only 3 studies measured longer-term outcomes. Of these 3 studies, only one of them, by Brandes et al, measured outcomes at 6 months as well (18) . Since all of the 12-month followup studies reported PA outcomes as steps per day, we were able to summarize these results into an unstandardized weighted mean difference, which provides the mean difference in steps per day. Although the findings in our meta-analysis suggest an overall significant increase in PA at 12 months, the weighted difference between baseline and 12-month followup for these 3 studies suggests that steps increase approximately 1,200 per day following total joint replacement.
Our meta-analysis of the outcomes of pain, physical function, and quality of life at 6 months postsurgery all indicate significant changes from baseline. There have been several studies that have examined the differences in these outcomes following knee or hip arthroplasty (8, (34) (35) (36) . Our (22) *findings for these outcomes are restricted to only those studies that measured PA. From our included studies, we identified large changes in pain reduction and similar changes between physical function and quality of life. When compared to the changes in PA at the same time points, our comparison of summary estimates for these outcomes indicates that PA levels do not increase following arthroplasty, despite large changes in pain. While pain, physical function, and quality of life are the most likely reasons for a total joint arthroplasty to take place, increasing PA alone is not a common indication for this procedure. This may indicate a need for creating PA goals with all THA and TKA recipients, and again may emphasize the use of behavioral intervention methods to guide PA behavioral change. Our review has several strengths, including a comprehensive and exhaustive search across multiple databases, a dual-investigator process for screening and inclusion of articles, meticulous data abstraction and quality assessment, and a quantitative assessment with meta-analysis. It is, however, not without limitations. We used only articles written in English, and there is a substantial difference in the outcome measures used to capture PA, pain, physical function, and quality of life, along with variability in the instructions given to patients to participate in PA. We explored the possibility of stratifying our results by the anatomic location of the hip or knee to determine if the effects would be statistically different. However, given our total sample size and number of studies, this would have led to sparse data and imprecise estimates. Our stratification of the main results indicates that there are some differences in the strength and direction of effect; however, these estimates are not statistically different from one another. Therefore, we decided to maintain our combined analyses. If additional studies are conducted on this important topic, future meta-analyses should consider a stratified approach. Finally, the majority of the included articles were judged by the study team to be of low quality.
In conclusion, physical activity following total knee or hip arthroplasty does not change at 6 months despite moderate to large reported improvements in pain, functioning, and quality of life. At 12 months, there are small increases in PA compared to presurgery levels. The reasons for unchanged PA levels are unknown and may be behavioral in nature, as sedentary behavior is difficult to change. Given the consistency in effects across these studies, future studies should focus on ways to change sedentary behavior among this subgroup.
